We consider the exotic decays of the SM-like Higgs state within the E 6 inspired supersymmetric (SUSY) models. In these models the lightest SUSY particle (LSP) can be substantially lighter than 1 eV forming hot dark matter in the Universe. The next-to-lightest SUSY particle (NLSP) also tend to be light. We argue that the NLSP with GeV scale mass may lead to the substantial branching ratio of the nonstandard decays of the SM-like Higgs boson into NLSPs.
Introduction
The discovery of Higgs boson may provide a window into new physics beyond the Standard Model (SM). Indeed, physics beyond the SM may affect the Higgs decay rates to SM particles and give rise to new channels of Higgs decays. In this context it is especially interesting to consider the nonstandard decays of the SMlike Higgs boson within well motivated extensions of the SM. Here we focus on the E 6 inspired SUSY models which are based on the S U(3) C × S U(2) W × U(1) Y × U(1) N gauge group, where
The two anomaly-free U(1) ψ and U(1) χ symmetries can originate from the breakings E 6 → S O(10) × U(1) ψ , S O(10) → S U(5) × U(1) χ . To ensure anomaly cancellation the particle spectrum in these models is extended to fill out three complete 27-dimensional representations of the gauge group E 6 . Each 27-plet contains one generation of ordinary matter; singlet fields, S i ; up and down type Higgs doublets, H u i and H d i ; charged ±1/3 coloured exotics D i ,D i . The presence of exotic matter in E 6 inspired SUSY models generically lead to non-diagonal flavour transitions and rapid proton decay. To suppress flavour changing processes as well as baryon and lepton number violating operators one can impose a set of discrete symmetries [1, 2] . The E 6 inspired SUSY models with extra U(1) N gauge symmetry and suppressed flavor-changing transitions, as well as baryon number violating operators allow exotic matter to survive down to the TeV scale that may lead to spectacular new physics signals at the LHC which were analysed in [1, 2, 3, 4, 5, 6] . Only in this Exceptional Supersymmetric Standard Model (E 6 SSM) [1, 2] righthanded neutrinos do not participate in the gauge interactions so that they may be superheavy, shedding light on the origin of the mass hierarchy in the lepton sector and providing a mechanism for the generation of the baryon asymmetry in the Universe via leptogenesis [7] . Recently the particle spectrum and collider signatures associated with it were studied within the constrained version of the E 6 SSM [8, 9, 10, 11, 12] .
2. E 6 inspired SUSY models with exactZ H 2
symmetry
Here we study the nonstandard Higgs decays within the E 6 inspired SUSY models in which a single discrete arXiv:1411.0386v1 [hep-ph] 3 Nov 2014 Z H 2 symmetry forbids tree-level flavor-changing transitions and the most dangerous baryon and lepton number violating operators [13] . These models imply that near some high energy scale (scale M X ) E 6 or its subgroup is broken down to S U(
3(B−L) is a matter parity. Below scale M X the particle content of the considered models involves three copies of 27 i -plets and a set of M l and M l supermultiplets from the incomplete 27 l and 27 l representations of E 6 . All matter superfields, that fill in complete 27 i -plets, are odd underZ H 2 discrete symmetry while the supermultiplets M l can be either odd or even. All supermultiplets M l are even under theZ H 2 symmetry and therefore can be used for the breakdown of gauge symmetry. In the simplest case the set of M l includes H u , H d , S and L 4 , where L 4 and L 4 are lepton S U(2) W doublet and anti-doublet supermultiplets that originate from a pair of additional 27 L and 27 L .
At low energies (i.e. TeV scale) the superfields H u , H d and S play the role of Higgs fields. The vacuum expectation values (VEVs) of these superfields ( symmetry also forbids unwanted FCNC processes at the tree level. The gauge group and field content of the E 6 inspired SUSY models considered here can originate from the orbifold GUT models in which the splitting of GUT multiplets can be naturally achieved [13] .
In the simplest scenario discussed above extra matter beyond the minimal supersymmetric standard model (MSSM) fill in complete S U(5) representations. As a result the gauge coupling unification remains almost exact in the one-loop approximation. It was also shown that in the two-loop approximation the unification of the gauge couplings in the considered scenario can be achieved for any phenomenologically acceptable value of α 3 (M Z ), consistent with the central measured low energy value [14] .
As mentioned before, the gauge symmetry in the E 6 inspired SUSY models being considered here, is broken so that the low-energy effective Lagrangian of these models is invariant under both Z M 2 andZ H 2 symmetries. SinceZ
2 symmetry associated with exotic states is also conserved. The invariance of the Lagrangian under the Z E 2 symmetry implies that the lightest exotic state, which is odd under this symmetry, must be stable. Using the method proposed in [15, 16, 17] it was argued that there are theoretical upper bounds on the masses of the lightest and second lightest inert neutralino states [18, 19, 20, 21] 1 . These states are predominantly the fermion components of the two SM singlet superfields S i from 27 i which are odd under the Z E 2 symmetry. Their masses do not exceed 60 − 65 GeV so that the lightest and second lightest inert neutralino states (H 0 1 andH 0 2 ) tend to be the lightest exotic particles in the spectrum [18, 19, 20, 21] .
The Z M 2 symmetry conservation ensures that R-parity is also conserved. Since the lightest inert neutralinoH 0 1 is also the lightest R-parity odd state either the lightest R-parity even exotic state or the lightest R-parity odd state with Z E 2 = +1 must be absolutely stable. In the considered E 6 inspired SUSY models most commonly the second stable state is the lightest ordinary neutralino χ → SM particles, making the cold dark matter density much larger than its measured value. In principle,H 0 1 could account for all or some of the observed cold dark matter density if it had a mass close to half the Z mass. In this case the lightest inert neutralino states annihilate mainly through an s-channel Z-boson [18] , [22] . However the usual SMlike Higgs boson decays more than 95% of the time into eitherH 0 1 orH 0 2 in these cases while the total branching ratio into SM particles is suppressed. Because of this the corresponding scenarios are basically ruled out nowadays [21] .
The simplest phenomenologically viable scenarios imply that the lightest inert neutralinos are extremely light. For example, these states can be substantially lighter than 1 eV 2 . In this case, lightH 0 1 forms hot dark matter in the Universe but gives only a very minor contribution to the dark matter density while the lightest ordinary neutralino may account for all or some of the observed cold dark matter density.
Exotic Higgs decays
As discussed earlier, the E 6 inspired SUSY models considered here involves three families of up and down type Higgs-like doublet supermultiplets (H 
where α, β = 1, 2 . Without loss of generality it is always possible to choose the basis so that λ αβ = λ αα δ αβ . In this basis the masses of inert charginos are given by
In our analysis here we choose the VEV of the SM singlet field s to be large enough (s 12 TeV) to ensure that the experimental constraints on Z boson mass and Z − Z mixing are satisfied. To avoid the LEP lower limit on the masses of inert charginos we also choose the Yukawa couplings λ αα so that all inert chargino states have masses which are larger than 100 GeV. In the following analysis we also require the validity of perturbation theory up to the GUT scale that constrains the allowed range of all Yukawa couplings.
Here we restrict our consideration to the part of the parameter space that corresponds to λ αα s f αβ v,f αβ v. In that limit two lightest inert neutralino statesH 0 1 and H 0 2 are predominantly inert singlinos. These states tend to be substantially lighter than 100 GeV.
When the SUSY breaking scale M S is considerably larger than the electroweak (EW) scale, the mass matrix of the CP-even Higgs sector has a hierarchical structure and can be diagonalized using the perturbation theory [24, 25, 26, 27, 28] . Here we are going to focus on the scenarios with moderate values of tan β (tan β [27, 28, 29, 30, 31] . In the considered limit the heaviest CP-even, CP-odd and charged states are almost degenerate and lie beyond the TeV range while the mass of the second lightest CPeven Higgs state is set by M Z [1] . In this case the lightest CP-even Higgs boson is the analogue of the SM Higgs field.
In contrast with the MSSM, the lightest Higgs boson in the E 6 inspired SUSY models can be heavier than 110 − 120 GeV even at tree level. In the two-loop approximation the lightest Higgs boson mass does not exceed 150 − 155 GeV [1] . Recently, the RG flow of the Yukawa couplings and the theoretical upper bound on the lightest Higgs boson mass in these models were analysed in the vicinity of the quasi-fixed point [32] that appears as a result of the intersection of the invariant and quasi-fixed lines [33] . It was argued that near the quasifixed point the upper bound on the mass of the SM-like Higgs boson is rather close to 125 GeV [32] .
The lightest and second lightest inert neutralinos interact with the Z-boson and the SM-like Higgs state. The corresponding part of the Lagrangian, that describes these interactions, can be presented in the following form [34] :
where α, β = 1, 2. In Eq. (4) ψ
α is the set of inert neutralino eigenstates with positive eigenvalues, while θ α equals 0 (1) if the eigenvalue corresponding toH 0 α is positive (negative). The inert neutralinos are labeled according to increasing absolute value of mass, withH 0 1 being the lightest inert neutralino. We further assume that the lightest inert neutralino is substantially lighter than 1 eV so that it gives only a very minor contribution to the dark matter density. On the other hand we allow the second lightest inert neutralino state to have mass in the GeV range. Although these states are substantially lighter than 100 GeV their couplings to the Z-boson can be rather small because of the inert singlino admixture in these states. Therefore any possible signal which these neutralinos could give rise to at former colliders would be extremely suppressed and such states could remain undetected. The couplings of the Higgs states to the inert neutralinos originate from the superpotential (2) . If all Higgs states except the lightest one are much heavier than the EW scale then the couplings of the SM-like Higgs boson to the lightest and second lightest inert neutralinos are determined by their masses [18] . Since we assumed that the mass ofH 
In order to compare the partial widths associated with the exotic decays of the SM-like Higgs state (5) with the Higgs decay rates into the SM particles we specify two benchmark points (see Table 1 ). For each benchmark scenario we calculate the spectrum of the inert neutralinos, inert charginos and Higgs bosons as well as their couplings and the branching ratios of the nonstandard decays of the lightest CP-even Higgs state. We fix tan β = 1.5 and λ(M t ) = 0.6. As it was mentioned before, such a large value of λ(M t ) allows m h 1 to be 125 GeV for moderate tan β. In Table 1 the masses of the heavy Higgs states are computed in the leading oneloop approximation. In the case of the lightest Higgs boson mass the leading two-loop corrections are taken into account.
From Table 1 it follows that the structure of the Higgs spectrum is extremely hierarchical. As a result the partial decay widths that correspond to the decays of the lightest CP-even Higgs state into the SM particles are basically the same as in the SM. Because of this, for the calculation of the Higgs decay rates into the SM particles we use the results presented in [35] where these rates were computed within the SM for different values of the Higgs mass. When m h 1 125 GeV the SMlike Higgs state decays predominantly into b-quark. In the SM the corresponding branching ratio is about 60% whereas the branching ratios associated with Higgs decays into WW, ZZ and γγ are about 20%, 2.1% and 0.23% respectively [35] . The total decay width of the Higgs boson near 125 GeV is 3.95 MeV.
For the calculation of the Higgs decay rates intõ H ). As a result, it is somewhat problematic to satisfy this restriction for mH0 2 100 MeV.
The benchmark scenarios (i)-(ii) presented in Table 2 indicate that the branching ratio of the decays of SMlike Higgs boson into second lightest inert neutralino can vary from 0.2% to 4.7% (i.e. from 0% to 4.7% for practical purposes) when mH0 
Conclusions
In this work we consider the nonstandard Higgs decays within the E 6 inspired SUSY models based on the S U(3) C × S U(2) W × U(1) Y × U(1) N × Z M 2 symmetry in which a single discreteZ H 2 symmetry forbids tree-level flavor-changing transitions and the most dangerous baryon and lepton number violating operators. These models contain at least two states which are absolutely stable and can contribute to the relic density of dark matter. One of these states is a LSP while another one tends to be the lightest ordinary neutralino. In the simplest phenomenologically viable scenarios LSP is expected to be substantially lighter than 1 eV forming hot dark matter in the Universe. At the same time the lightest ordinary neutralino can account for all or some of the observed cold dark matter relic density.
The masses of the LSP and NLSP are set by the VEVs of the Higgs doublets. As a consequence they give rise to nonstandard decays of the lightest Higgs state. Since the couplings of the SM-like Higgs boson to the LSP and NLSP are determined by their masses LSP does not affect Higgs phenomenology whereas NLSP with GeV scale masses results in substantial branching ratio of the lightest Higgs decays into NLSPs. After being produced NLSP sequentially decays into the LSP and pairs of leptons and quarks via virtual Z. However due to the small couplings of the LSP and NLSPs to the Zboson NLSP tends to be longlived particle and decays outside the detectors leading to the invisible branching ratio of the SM-like Higgs state.
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